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ABSTRACT: The mineral taranakite was obtained in reactions between samples
of an Akaka soil and monopotassium phosphate solutions ranging from 0.2 to 0.6
molar, at pH values of the reacting system ranging from 2.3 to 2.9. Characteristics
of the reaction products were compared with those of pure synthetic taranakite,
using X-ray, chemical, optical, infrared absorption, and differential thermal tech-
niques.
The taranakite was essentially a potassium-aluminurn-phosphate complex. There
was no indication of isomorphous substitution of iron for aluminum. The molar
ratios of K/P04 and AljP04 of the reaction product were found to be 0.37 and
0.72 respectively. The taranakite was thought to be formed by precipitation of a
soluble phospho-alumino complex anion together with potassium ions.
The possibility is suggested of the formation of taranakite when soluble potas-
sium and phosphate react with Hydrol Humic and Humic Latosols in the field.
During the early stages of reaction, the reaction product is believed to be crypto-
crystalline, but the size of crystals increases with time.
IN HAWAIIAN SOILS large amounts of added
phosphate often are rendered at least tempo-
rarily unavailable to plants . Davis (1935) at-
tributed this phenomenon to an absorption ef-
fect in the soils. He found that, for any given
equilibrium phosphate concentration, the
amount of phosphate fixed varies directly with
the ratio of soil to solution. Chu and Sherman
(1952) reported that, in the presence of hy-
drated iron and aluminum oxides, as much as
90 % of added soluble phosphate was fixed by
the soils in a relatively short period of time.
When the oxides were removed, less than 30%
of the applied phosphorus was fixed. The Hy-
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drol Humic Latosols showed the highest phos-
phorus-fixing capacities, but the Low Humic
Latosols and Humic Latosols also fixed phos-
phorus to a considerable extent.
The manner in which phosphate is fixed in
acid soils is as yet unknown, but in some in-
stances it is likely to be in the nature of a solu-
tion-precipitation. Kittrick and Jackson (1955)
reported , from electron microscope observations,
that a solution-precipitation mechanism was
operative in the reaction of phosphate with
colloidal iron oxide particles and thin aluminum
hydroxide films at room temperature. These
authors also reported (1956) that there is a
solution-precipitation mechanism operative in
the reaction of phosphate with kaolinite and
greenalite at room temperature. The reaction
product in the potassium phosphate-kaolinite
system was taranakite .
Several workers have identified phosphate
complexes which could occur as reaction prod -
ucts in hydrous colloidal sesquioxide systems
(Wada, 1959; Birrell, 1961; Lindsay et aI.,
1962; Tamimi et aI., 1963; Tamimi, 1964).
These phospho-reaction products have been as-
sociated with the presence of calcium, ammo-
nium, and potassium cations in the system.
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Taranakite, or other similarly complex potassic
alumino-phosphate minerals, appears to be the
most likely reaction product to be identified in
soils to which potash and phosphate ferti lizers
have been added together or over a short time
interval. In this study a search was made for
the presence of taranakite in a highly aluminous
soil to which potash and phosph ate fertil izers
had been added.
Records of naturally occurring taranakite are
rare. Bannister and Hutchinson (1947) studied
several native taranakite minerals, and pointed
out that taranakit e is usually found under moist
conditions in localities where phospha te solu-
tions from bird or bat guano react with rock or
clay. The formula is given as
H 6KaAI5(P04 ) 9 • 8H20.
Taranakite is massive, clayIike, pulverulent to
compact; its color is white-gray or yellowish-
white, and it is very soft and unctuous to the
touch. This mineral was first found in 1865 on
rocks which were being used for bird colonies
at Sugarloaves, Taranaki, New Zealand . The
minerals minervite (France) and palmerite
(Italy) have been found to be ident ical with
taranakite. Chemical analysis of the taranakite
occurring at Sugarloaves, Taranaki, New Zeal-
and (Dan a, 1951) , is as follows (in % ) :
K20, 4.20 ; CaO, 0.55; AI20a, 21.43 ; P205,
35.05 ; H20, 33.06 ; Insol., 0.80; CI, 0.46;
SOa, trace ; FeO, 4.45.
Murray and Dietrich ( 1956) also reported
the occurrence of natural taranakite in a Virg inia
cave that was the home of a colony of bats.
The taranakite was associated with brushite, a
calcium phosphate mineral.
In artificial systems having soil constituents,
crystalline phosphate products containing potas-
sium and aluminum have been synthesized. Bir-
reIl (1961) , in New Zealand, showed that the
addition of monopotassium phosphate to aIlo-
phane produces a taranakite, the X-ray diffrac-
tion pattern of which agreed well with the
value given by Murray and Dietrich (1956).
Lindsay et al. (1962) synthesized taranakite
from Hartsells soil (from Tennessee) by add-
ing monopotassium phosphate to the soil.
Wada (1959) reported the identification of
taranakite-like phosphate minerals resulting
from the reaction of monoammonium phosphate
with allophane and haIloysite. Lindsay et al.
(1962) identified the reaction product of am-
monium phosphate and Ha rtsells soil as ammo-
nium taranakite . Tamimi et al. (1963) were
able to ident ify an ammonium-taranakite by
means of X-ray diffraction technique. The syn-
thetic mineral was obtained from three Latosolic
soils derived from volcanic ash-namely Akaka
silty clay, Hilo silty clay loam, and Paauhau
silty clay loam-by the addition of ammonium
chloride or diammonium phosphate in the pres-
ence of phosphoric acid. The reaction products
were similar to the taranakite-like minerals ob-
tained by Wada from Japanese allophane and
halloysite. Tamimi (1964) postulated that
taranakite could form in soils having pH values
ranging from 1.85 to 5.55, although no tarana-
kite was identified in soils with a pH above 3.9.
Haseman et al. (1950) also had indicated that
synthetic taranakite is stable at pH values of
about 1.7- 5.3. Kittrick and Jackson (1956)
found that taranakite can be formed at room
temperature by the addit ion of molar potassium
dihydrogen phosphate to kaolinite. Beaton et al.
(1964) treated kaolinite with saturated, instead
of one molar, monopotassium phosphate solu-
tion and found no evidence of taranakite forma-
tion.
In addition to chemical, optical, and X-ray
methods , Ariidge et al. (1963) found that
infrared spectroscopy and differential thermal
analysis were valuable complementary methods
to X-ray studies in the identification of tarana-
kite and compounds of similar nature. Infrared
spectroscopy, moreover, also gave info rmation
on their structure and degree of crystallinity.
MATERIALS
The sample selected for study was a subsoil
of an Akaka silty clay loam taken from a steep
road bank near the beginn ing of the forest
reserve area on Kaiwiki Road, approx imately 5
miles west of the main Hilo-Hamakua Highway
on the island of Hawaii. Sampling depth was
from 12 to 30 inches. The sample had a pH
value of 5.5 and was a smeary clay. The soil
was dominated by amorphous hydrous oxides
of aluminum and iron. It also contained small
amounts of crystalline gibbsite, goethite, mag-
netite, mica, and quartz (Tamura et aI., 1953).
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The main amorphous mineral colloid is allo-
phan e-like, excepting that the silicia-to-alumina
ratio is too low for the value of allophane pro-
posed by Ross and Kerr (193 4) . The mineral
is amorphous to X-rays, and differential thermal
analysis indicates only a single, low temperature
endotherm at about 180°C. It resembles so-
called stable allophane (Jackson, 1956) in that
it is resistant to decomposition by dilute hydro-
chloric acid of pH 3.5 or 2% sodium carbonate
solut ion. Characteristics of the allophane-Iike
fraction of Akaka soil and other amorphous
mineral colloids are shown in Table 1.
The Akaka soil is a member of the Hydrol
Hum ic Latosol Group , and was described by
Cline et al. (1955). Akaka soils have developed
from volcanic ash, under a tropical rain forest
with an average annual rainfall of more than
120 inches. Th ey are highly hydrated in the
natural state; the water content sometimes ex-
ceeds 300% of the oven-dry weight of soil. Th e
Akaka soils have very low bulk densities rang-
ing from 0.1 to 0.6. On dehydration they lose
volume and exhibit an increase in part icles of
sand size ; the dehydration is irreversible. An
explanation of this irreversibility has been given
by Sherman (1957) ; he reported that the pro-
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cess of dehydration caused the crystallization of
the hydrous oxides to gibbsite, to crystalline
iron oxide minerals, or to alpha quartz.
Monopotassium phosphate was used in the
experiments. It is a product (reagent grade)
of General Chemical Division, Allied Chemical
Corporation. The pH of the phosphate solu-
tions was adjusted with hydrochloric acid.
Preparation of the R eaction Products for
Characterization
Th e reaction products were prepared by the
following procedure. A 5-15 g sample of wet
Akaka soil was placed in a 200-ml pyrex beaker
or pyrex glass container of suitable size, to
which was added 100 ml of potassium phos-
phate solution ranging from 0.2 to 0.6 molar ,
with an initial pH value of 2. The glass con-
tainer was wrapped in a plastic bag and kept
at room temperature (about 25°-30°C). The
contents were filtered after standing from 1 to
200 days, and the pH of the filtrate was mea-
sured. The pH of the filtrate serves more or less
as an indication of the pH of the reacting sys-
tem, which, in turn , predicts the possible species
of ions that enter into reaction. The residue was
washed with 60% methanol, 80% ethanol,
TABLE 1
CHARACTERISTICS OF TH E ALLO PHAN E-WKE F RACTION OF AKAKA SOIL AS C OMPARED
W ITH O TH ER A MORPH OUS MINE RAL CO LLOIDS* OF SOILS
DIF FERENTIAL
THERMAL
INDICATION SOLUBILITY
TYPE OF Endotherrns Exot herms IN DILUTE
AMORPHO US ACID AND
MATERIAL °C °C Si 0 2/ A I20 3 ALKALI
A IIophane :
unstable 150 960 0.3- 2.0 high
s ta b le 150 96 0 2.0 lo w
Si lica 165-573 high
Alumina 110-500 h igh
Iron oxides 160 350-450 h igh
Titanium
ox ides 195 46 5 low
AIIoph ane -l ike
fra ct ion of
A kaka soil 180 0.8 lo w
• J ackson (1956:528) .
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and 95% ethanol by decantation (Wada, 1959)
to remove excess phosphate. The finer fractions
of the solid phase were collected on the filter
paper. The coarser fractions were left in the
glass container. Both fractions were then air-
dried .
Potassium phosphate solutions having con-
centrations ranging from 0.2 molar to 0.05
molar , or from 0.6 molar to 1 molar, with
initial pH values of 2-4, were also used, but
crystalline reaction products did not form.
A taranakite sample was synthesized for com-
parison ; the synthesis was made as follows:
20 ml of 65% phosphoric acid were mixed with
an aluminum chloride solution containing 2.65
g of aluminum chloride. The mixture of
phosph oric acid and aluminum chloride was
filtered and diluted to 50 ml, and an aliquot
was taken in a pyrex beaker and neutralized
with 10% potassium hydroxide to a pH be-
tween 3.4 and 5.0. Th e beaker containing the
flocculent precipitate was covered with a watch
glass and kept in a 50°C water bath. The
crystalline precipitate which form ed was sepa-
rated by filtration, washed with distilled water,
and air-dried.
Characterization of Phospho-reaction Products
by X -ray A nalysis
The reaction products were identified by
X-ray diffraction, using a Norelco X -ray dif-
fractometer with copper Kn radiation . The
X -ray diffraction patterns obtained throughout
this study were of powder samples.
The effect of heating on the crystalline sub-
stance resulting from the soil-phosphate system
and on the synthesized taranakite was exam-
ined. Both were subjected to a range of tem-
peratures from 60°C to 150°C. Th e products
resulting from heat treatment were identified
by X-ray diffraction.
X-ray diffraction patterns of the phospho-
reaction products prepared by treating Akaka
soil with solutions containing potassium phos-
phate, ranging from 0.2 to 0.6 molar at pH 2,
showed these reaction products to be taranakite.
D-spacings for taranakite and heated taranakite
obtained in these experiments and by Haseman
et al. (1950) are gathered in Table 2. The
prom inent peaks of natur al taranakites from
Sugarloaves, Taranaki, New Zealand, and from
Pig H ole Cave, Giles County, Virginia , are at
16.2, 7.6, 3.82 A, and at 15.49, 7.82, 3.79 and
3.12 A, respectively. Th e 16.2 and 15.49 A
peaks are the strongest. The synthesized tarana -
kite produced in this experiment, and those of
H aseman et al. (1950), showed the strongest
peak at 15.7 A; and strong peaks at 7.89, 3.81,
3.14 and at 7.35, 3.79, 3.13 A, respectively.
Except for the 7.89 A peak given by the phos-
pho-reaction product obtained from Akaka soil,
the prominent peaks of natural and synthesized
taranakite are similar to the reaction products
obtained from the Akaka soil. Birrell ( 1961)
identified a taranakite by treating a Tirau ash-
clay fraction from New Zealand .with potassium
phosphate solut ion. The X-ray diffraction pat-
tern of the taranakite studied by Birrell showed
prominent peaks at 15.60, 3.81, and 3.13 A,
and is very similar to that of the phospho-
reaction products obtained from the Akaka soil.
Th e reaction products resulting from soil-
phosphate systems, and the synthesized tara-
nakite, were heated to different temperatures
in order to examine the dehydration products,
as well as the effect of heating on crystallinity.
The dehydration products resulting from the
soil-phosphate systems and the synthesized
taranakite were similar with d-spacings of 13.6,
6.8, 5.5, and 3.4 A. This substance is a com-
pound like Product B as synthesized by H ase-
man et al. (1950). Both the reaction product
resulting from soil-phosph ate systems and the
synthesized taranakite became amorphous above
130°C.
Characterization of Phospho-Reaction Products
by Chemical Analysis
The evaluation of K jP04 and AljP04 ratios
for the reaction product was difficult because of
contamination of the reaction product by soil
particles. Therefore, a factorial experimental
design (Snedecor, 1956) with four replications
at three levels of soil was prepared, using 5,
10, and 15 g samples of wet soil with a 0.4
molar potassium phosphate solution at pH 2.
Phosphate was estimated by chlorostannous-
reduced molybdophosph oric blue color in a
hydrochloric acid system, following fusion of
the sample with sodium carbonate, and decom-
TABLE 2
P OWD ER X-RAY DIFFRACTION PATT ERN S OF THE HEAT-TREATED R EACTI ON PRODUCTS, SYNTHESIZED T ARAN AKITE
AND P RODUCT B OF HASEMA N ET AL . (1950)
PHOSPHO-REACTI ON PRODUCTS PRO DUCED FROM AKAKA SOI L, DAYS OF STANDING
\Jl
o
o
5 54
70 C 120 C 90 C 105 C 90 C
- - ---
d d Ch. 1* d Ch . I d I d I
7.43 13.6 15.7 -.v 13.6 S 13.6 S
- -
5.53 7.43 -.v 13.6 7.37 M 7.4 3 S
- -
4.29 5.53 -.v 7.37 6.86 M 7.08 W
- -
3.40 4 .33 5.55 5.55 M 6.86 W
-- --3.33 4.15 4. 29 l' 4.33 M 5.57 M
3.03 3.40 l' 4.15 4.15 M 4.35 M
2.81 3.33 -.v 3.40 3.66 W 4.31 M
3.15 3.61 W 4.15 M
2.91 3.40 S 3.69 W
2.81 -.v 3.15 M 3.40 S
3.02 W 3.16 W
2.90 W 3.03 M
2.77 W 2.91 M
2.80 M
2.77 M
• Change in inten sity: '1' represents increase in intensity.
..v represents decrease in int ensity.
No te : Prominent peaks of dehydrated taranakite are underlin ed.
100 C
d Ch. I
13.6
7.43 -.v
7.08
6.86 l'
5.57 l'
4.29
4.15
3.66
3.40 l'
3.16
3.03
2.91 l'
2.81
2.77 l'
200
1l0C 120 C 130 C
d Ch. I d Ch. I d Ch . I
13.6 l' 13.6 l' 13.6 -.v
7.43 -.v 7.43 -.v 7.43 -.v
7.08 -.v 7.08 -.v 6.86 -.v
-6.86 l' 6.86 l' 5.57 -.v
--
5.57 -.v 5.57 3.40 ..v
"'C
-4.31 l' 4.31 l' >
4.15 4.15 l' n......
'"I:l
3.67 3.69 -.v ......
3.54 -.v 3.54 -.v n
C/)
3.40 l' 3.40 -.v n
......
3.16 3.16 tTl
3.13 3.03 l' Zn
2.91 l' 2.91 l'
v
tTl
2.81 2.77
-<2.69 £.
2.66
~
v~
0
n
8"
CT"
(l)
...
.....
\0
0\
0\
r<
?'
0-
0
...,
?'
....
0
...,
'<
J-:rj
TABLE 2 ( Continued) 0...,
S
?'
SYNTHESIZED TARAN AKITE ....PRODUCT B OF o'
70 C 80 C 90C 100 C 130 C HASEMAN ET AL. P
0
d Ch. 1* d Ch. I d Ch. I d I d Ch. I d 1/1 1 ** ........
15.7 -j.o 15.7 -j.o 15.7 -j.o 13.6 S 13.6 -j.o 13.8 1.00 ~...,
-j.o - - - -
.68 ?'7.89 13.8 13.6 l' 7.37 M 7.37 -j.o 7.35 p
- -
?'
7.43 7.89 -j.o 7.43 l' 6.80 M 6.80 l' 6.79 .51 Co
- -
--
....
5.86 -j.o 7.43 l' 5.53 l' 5.53 M 5.53 6.05 .15 (bI4.31 5.81 -j.o 4.29 l' 4.29 M 4.29 -j.o 5.46 .68 t'4.14 5.57 4.13 l' 4.13 M 4.13 -j.o 4.26 .40 ~c::
3.80 -j.o 4.31 3.57 3.66 W 3.66 -j.o 4.14 .51 en
3.73 4.13 l' 3.40 l' 3.53 W 3.40 -j.o 3.89 .04 ::r:
- -
tIl
3.72 3.80 -j.o 3.13 3.40 S 3.14 -j.o 3.64 .24 ~~3.57 -j.o 3.73 -j.o 2.91 l' 3.14 M 3.03 -j.o 3.50 .16 >-
3.40 3.72 -j.o 2.84 3.03 M 2.91 3.39 1.00 "Z
- -3.35 -j.o 3.57 -j.o 2.81 2.91 M 2.81 -j.o 3.13 .49 ?'p
3.29 -j.o 3.40 l' 2.81 M 2.77 -j.o 3.01 .40 0...
3.13 -j.o 3.13 2.77 M 2.90 .64 en
2.84 2.91 2.84 .11 §
2.81 -j.o 2.84 2.79 .38 Z0
2.73 -j.o 2.81 ...v 2.76 .40 >-t""'2.62 -j.o 2.74 .25 tIl
2.68 .16
2.64 .24
2.56 .09
• Cha nge in intensity.
** V isual estimates of peak intensities.
No te : Prominent peaks of dehydra ted taranakite are unde rl ined.
v-
a
.....
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position of the melt with hydrochloric acid
(Jackson, 1958). Potassium was determined
by the flame ph otometer method, using a
Model 21 Coleman Flame Photometer. Alumi-
num was analyzed by Chenery 's colorimetric
meth od, as modified by Moomaw et al. (1959).
The entire experiment was repeated 10 times.
A homogeneity test was condu cted using the
M-value as the criterion (Hartley, 1944). In
its final form, the M-test involves computing
nls12+ + nksk2
M = (nl + nk)loge nl + + nk
-(nllogesI2-nklogesk2)
where there are k samples, n1> .. . nk, are the
respective degrees of fre edom and S12, ... Sk2
the respective estimates of variance. The ho-
mogeneity test showed that 3 of the 10 experi-
ments were not homogeneous with the others
and therefore they were rejected. D ata obtained
from the 7 remaining experiments were com-
bined. Analysis of variance with respect to the
ratios K/P04 and Al/P04 were carried out.
The amounts of soil used did not affect sign ifi-
cantly the ratios K/P04 or Al/P04 •
The possibility of isomorphous substitution
of iron for aluminum in the reaction pro duct,
und er the conditions of investigation, was also
examined. Relatively pure crystall ine reaction
products were selected and were ignited over a
Meker Burner. W hen ign ited, the crystals
should show a reddish color if iron-subs tituted
taranakite is presen t. Thi s did not occur ; up on
ignition, the iron-contai ning compounds gave
hematite.
The average values of K/P04 and Al/P04
obtained from the seven exper iments were con-
sidered to be taken fro m a represe ntative sam-
ple because the M-test proved to be nonsignifi-
cant. The molar ratios of K/P04 and Al/P04
for the reaction products were 0.37 and 0.72,
respectively. Those for the synth esized tarana-
kite were 0.37 for K/P04 and 0.60 for
Al/P04 . Th ese values are very close to the ones
calculated from the formula of taranakite es-
tablished by Smith and Brown (1959) , which
is 0.38 for K/P04 and 0.63 for Al/P0 4 . Th e
molar ratio Al/P04 for the reaction products
is somewhat higher because the reaction prod-
PACIFIC SCIENCE, Vol. XX, October 1966
ucts from the soil-phosphate systems were con-
tamina ted with AI-containin g soil particles.
From the pr eceding exper iments it is clear
that the active constituent reacting with phos-
phate in Akaka soil is aluminum rather than
iron. Recent work on the precipitation of phos-
phate in acid soils by Taylor et al. (1964) also
revealed that aluminum hydroxide is the prin -
cipal reagent in the precipitation of phosphate
from fertili zers in acid soils.
Characterization of Phospho-reaction Products
by Optical M ethods, Infrared Analysis, and
Differential Thermal Analysis
Optical properties of the reaction products
from the soil-phosphate systems and from syn-
thesized taranakite were determined. In addi-
tion to the synthesized taranakite already de-
scribed, a second synthetic prepara tion was
prepared as follows: 10 ml. of 1.5 molar mono-
potassium phosphate solution was mixed with a
soluti on containing 0.25 g aluminum by
vigorous stirri ng. The pH of this mixture was
adjusted to 4.0 with 10% potassium hydroxide.
The precip itates formed were kept in water at
50°C for a perio d of time. They were then
filtered, washed with distilled water, and air-
dried.
Immersion liquids were used to determine
refractive indices. Other optical properties were
studied by using th in sections of minerals
mounte d in Lakeside 70 Transparent Cement .
W hen examined unde r the polarizing micro-
scope, both the reaction products obtained from
the soil-phosphate systems and the synthesized
taranakite were biaxial negative with a very
small value of 2V. The refractive indices de-
termined for the phospho-reaction product
were na = 1.504, n~ = 1.50 7, ny = 1.509, and
ny - na = 0.005. Those for the synthesized
taranakite were : na = 1.503, n~ = 1.505 and
ny = 1.506, ny - na = 0.003. These values
are in reasonable agreement with those obtained
by Haseman et al. (1950). The crystals are
colorless and occur as tiny column ar aggregates.
Th e aggregates of crystals tend to grow to-
gether, perpendicu lar to each other in pairs , to
form a twinlike crystal in a rosette pattern, dis-
playing a pseudo hexagonal outline.
Smith and Brown ( 1959 ) re-examined the
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F IG. 1. Infra red absorption spectra of soil-phos-
phate reaction product and pure synthesized tarana-
kite.
and 600 °C. Th ese differential thermal curves,
which are shown in Figure 2, indicate that the
phospho-reaction products from Akaka ~oil and
the synthesized taranakite both lose ~helf water
of crystallization in one stage, as evidenced by
the endotherm at 230 C. Arlidge et al. (1963)
found similar peaks from samples supplied by
the Tennessee Valley Authority, but natural
taranakite from Pig H ole Cave and a synthetic
taranakite lost their water of crystallization in
two stages. This variation is thought to be
associated with variations in degree of crystal-
linity of par ticle size. The exothermic peak be-
tween 500°C and 600°C probably represents
the recrystallization of the mineral after it has
been dehydrated, as suggested by Mur ray and
Dietrich ( 1956 ) . The differential thermal gravi.
metric curves for taranakite obtained by Ar-
lidge et al. (1963) revealed that there is n.o
weight change dur ing the process of exothermic
reaction, indicating the possibility of recrystal-
lization.
The fact that all the taranakite samples
studied in this experiment are amorphous to
X-r ays when they are heated above 130°C
shows that the recrystallized products from
dehydrated taranakite are too small or too
poorly ordered to be identified by X-ray
diffraction.
The Effect of T ime on Crystallite Size of th e
Phospho-reaction Product Produced from the
Akaka Soil
The relationship, nt. = 2dsinO, deduced by
Bragg, describes the conditions under which
electromagnetic waves reflected from a set of
planes in a crystal will be in phase with each
other. The relationship requ ires that the planes
be semi-infinite in the two dimensions perpen-
000
j
WAVENUMBER eM, -1
1500 1000
i •
synthesized taranakite prepared by H aseman
et al. (1950) and considered that the taranakite
was hexagonal and uniaxial negative. In the
original report Haseman et al. described their
synthesized product as pseudohexagonal and
biaxial negative. It seems that taranakite might
exist dimorphously, with 2V values ranging
from 0 to about 20 degrees.
Infrared analyses of the phospho-reaction
product and the synthesized taranakite were car-
ried out. The phospho-reaction product from
the Akaka soil was formed with 0.4 molar
potassium phosphate, at pH 2, and 5 g of wet
soil. The reacting system was left to stand for
200 days before the reaction product was col-
lected. Puri fication of the phospho-reaction
products was conducted by repeated reprecipi-
tation with potassium hydroxide in phosphoric
acid solution. The samples were ground, mixed
with potassium bromide, and pressed into discs,
and infrared spectra were obtained using a
Beckman infrared spectrophotometer.
Th e infrared spectra of the phospho-reaction
product produced from Akaka soil, and of the
synthesized taranakite, in pressed KBr discs,
were in good correspondence with each other.
The patterns obtained are shown in Figure 1.
Absorpti on peaks near 3400 cm- 1 showed the
presence of water of crystallization. Corbridge
and Lowe (1954) reported that all hydrated
salts absorb in the 3300-cm- 1 and 1640-cm- 1
regions, which presumably correspond to O-H
stretching and O-H bending, respectively. Com-
plex phosphate absorption bands between 1200
cm- 1 and 870 cm- 1 and poOH linkages near
2500 cm- 1 indi cated the presence of P043 -
and acidic phosphate ions, respectively (C or-
bridge, 1956) . These values are very close to
the infrared absorption spectrum for taranakite
obtained by Arl idge et al. ( 1963) .
Differential thermograms of the phospho-
reaction product and the synthesized taranakite
samples were obtained. The differential thermal
setup is the same as the one described by Ueh ara
and Sherman (1 956) .
Th e differential thermal curves show that
both the phospho-reaction product produced
from the Akaka soil and the synthesized tarana-
kite undergo endotherm ic reactions at about
230°C and exothermic reactions between 500 0
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FIG. 2. D .T .A. curves of soil-phosphate reaction
product and pure synthesized taranakite.
dicular to the norm al about which the waves are
reflected.
For crystals or particles below 20f.l in diame-
ter, this requirement is no longer fulfilled and
deviations from the Bragg equation become ap-
parent. As the crystals or particles get smaller,
the deviations become larger ; they are shown in
X- ray diffraction patterns by an increasing
broadening of the recorded reflections. Con-
versely, the breadth of the reflections can be
used as a measure of particle size. The methods
by which this may be done are described in any
stand ard text on X-ray diffraction methods
(see Henry, Lipson, and Wooster, 1951) . The
effect of time of crystallization on crystallite
size may be studied by these methods. In this
study 5-g portions of the wet Akaka soil were
treated as follows: (a) With 0.4 molar potas-
sium phosphate at pH 2. The reaction system
was left to stand for 5, 54, and 200 days. The
finer fraction of the solid phase was filtered,
washed, and dried, as usual. The half-peak
breadths of the 15.7 A peaks were measured
and were plotted (log scale) against time. (b)
With 0.5 molar potassium phosphate at pH 2
for 6, 10, and 15 days. The preparations were
washed and dried as before. The half-peak
breadths of the 15.7 A peaks were plotted (log
scale) against time of preparation. The results
are shown in Figure 3. The crystal size of the
taranakite increases with time, in accordance
with expectation.
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FIG. 3. Relationships between crystal size as mea-
sured by half-peak breadth and time of preparation.
DISCUSSION
Clearly identifiable taranakite was produced
under the condition s of the exper iments; that
is, with weights of soil varying from 5 to 15
g, and with 0.2 to 0.6 molar solutions of
potassium phosphate adjusted to pH 2. The
pH values of the filtrate, and presumably of
the reacting system, varied from pH 2.3 to 2.9.
Many other concentrations of potassium phos-
phate and other pH values were tried, but no-
where outside and above that range was crystal-
line taranakite detected.
Chemical analysis gave Kj P0 4 and AljP04
ratios close to those obtained with synthetic
samples, although the results for AljP04 did
show that some contamin ation of the crystals
with soil material had occurred. The contamina-
tion did not cause significant differences to ap-
pear between infrared patt erns or different ial
thermograms of soil-derived and synth etic tar-
anakites.
The taranakite was probably formed by a
series of reaction steps. Th e initia l step would
be the dissolution of AJ3 + ions from the
amorphous, hydrous oxides, followed by the
format ion of a complex anion by reaction be-
tween AJ3 + and H 2P0 4 - , and finally by precip-
itation with K+ ions. Although the AJ3 + ions
will be hydrated in solution , the infrared and
differential thermal patterns indicate that water
is not a structural constituent of the complex
anion.
N o crystalline taranakite was detected at the
pH values which are common to Akaka soils in
the field. H owever, from the evidence obtained
here and from a review of the literature, it is
reasonable to suppose that a cryptocrystalline
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form of taranakite is formed when heavy ap-
plications of fert ilizers containing potassium
phosphate are made to soils of the Hydrol
Humic and Humic Latosol groups. Current ap-
pl ications by sugar cane producers range as high
as 175 lb of P and 600 lb of K per acre for
each plant ing or ratoon crop. Because of the
heavy rainfa ll the soils are continually wet.
Concentrated solutions of potassium phosphate
have a pH of 4, at which value A13 + cations
and H 2P04-anions exist in solution. Many
times dur ing the decomposition of the app lied
fer tilizer, the concentrations will rise high
enough in the subsurface horizons of th e soil
to enable cryptocrystalline precipitates to form.
With time these precipitates can be expected
to grow into larger and better-ordered crystals
of taranakite.
CONCLUSIONS
1. Crystalline taranakite formed when the
Akaka soil was treated with potassium phos-
phate solutions ranging from 0.2 to 0.6 molar
and the pH value of the reacting system ranged
between 2.3 and 2.9. On heating, the phosphate
reaction products and a synthesized taranakite
gave similar dehydrati on products .
2. The taranakite was essentially a potassium-
aluminum-phosphate complex. There was no
indication of isomorphous substitution of iron
for aluminum. The molar ratios of K/P04 and
AljP04 for the reaction product were estimated
to be 0.37 and 0.72, respectively, which agreed
well with values found for the synthetic min-
eral.
3. Optical analysis showed that the tarana-
kite crystals were colorless and pseudohexagonal
in form. Th ey were biaxial negative. The re-
fractive indices were na = 1.504, n~ = 1.507
and ny = 1.509, respectively, na - ny =
0.005.
4. Structural diagnosis by means of infra red
spectroscopy of the potassium-aluminum- phos-
phate complex revealed that water of crystal-
lization, (P0 4 ) 3-ions, and poOH linkages
were all present.
5. Different ial therm al data showed that
both the phospho-reaction product and the
synthesized taranakite underwent an endother-
mic reaction at about 230°C, and an exothermic
reaction between 500°C and 600 °C.
6. It is proposed that potassium and phos-
phate ions from heavy applications of fertilizer
may react with aluminum ions in soil solutions
in the subsoils of Hydrol Humic and Humic
Latosols to produce cryptocrystalline precipitates
which, with time, will grow and transform into
crystalline taranak ite.
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